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論 文  要  旨 
High-resolution very long baseline interferometry (VLBI) radio observations have resolved the 
detailed emission structures of active galactic nucleus jets. The Event Horizon Telescope revealed 
the emission structure in the horizon scale of the supermassive black hole located at the center of 
the M87 galaxy. For larger scales, the limb-brightened structure has been observed in various jets, 
and recent observations of the M87 jet have shown a triple-ridge structure that consists of the 
conventional limb-brightened feature and a narrow central ridge. General relativistic 
magnetohydrodynamic (GRMHD) simulations have improved the understanding of jet production 
physics, although theoretical studies still have difficulties in reproducing the synthetic images of 
jets and constraining the origin and distribution of jetted matter. 
Motivated by the observations of the triple-ridge structure, we examine a steady axisymmetric 
force-free model of a jet driven by the central black hole (BH) with its electromagnetic structure 
being consistent with general relativistic magnetohydrodynamic simulations and find that it can 
produce triple-ridge images even if we assume a simple Gaussian distribution of emitting electrons 
at the base of the jet. We show that the fluid velocity field associated with the electromagnetic field 
produces the central ridge component due to the relativistic beaming effect, while the 
limb-brightened feature arises due to the strong magnetic field around the jet edge, which also 
induces the electrons to be dense there. We also show that the computed image strongly depends on 
the electromagnetic field structure, viewing angle, and parameters related to the electrons' spatial 
distribution at the jet base. 
In order to examine the density distribution at the jet launching region near the horizon to 
investigate the jet's emission structure around the black hole, we construct a new steady, 
axisymmetric GRMHD jet model to obtain approximate solutions of black hole (BH) 
magnetospheres and examine the matter density distribution of jets. By assuming fixed poloidal 
magnetic field shapes that mimic force-free analytic solutions and GRMHD simulation results and 
assuming constant poloidal velocity at the separation surface, which divides the inflow and outflow, 
we numerically solve the force-balance between the field lines at the separation surface and 
analytically solve the distributions of matter velocity and density along the field lines. We find that 
the densities at the separation surface in our parabolic field models roughly follow ∝rss-2 in the far 
zone from the BH, where rss is the radius of the separation surface. When the BH spin is larger or 
the velocity at the separation surface is smaller, the density at the separation surface becomes 
concentrated more near the jet edge. 
Our semi-analytic model, combined with radiative transfer calculations, may help interpret the 




























れているジェットの limb-brightening と整合的な結果である。 
これらの新しい知見を含む荻原氏の研究論文は、博士論文として適当である。そして論文
は全体として、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示し
ている。以上の理由により、荻原氏が提出した博士論文を博士（理学）の学位論文として合
格と認める。 
 
 
 
 
 
 
 
 
